Using new technology, an inexpensive, high quality system for the display of digital GOES images has been developed, which is suitable for use at remote field sites. The digital data are acquired at high speed (up to 10 000 baud) over ordinary telephone lines. The system allows the display of satellite images from either the view point of the satellite or remapped into an azimuthal-equidistant map projection, which allows direct, undistorted comparison with radar displays. The images can be enhanced with several built-in algorithms, and images at several resolutions up to the limits of the GOES satellite can be displayed. Images processed with this system have proved useful for both forecasting and operational decision making in a meteorological field experiment.
Introduction
Satellite images of clouds have long been used to support meteorological field programs. The images were primarily received in analog form, over leased telephone-data lines and were displayed as hardcopy prints. Although useful, images of this type have several drawbacks. Usually the areal coverage, the resolution, and the frequency of these images are determined not by the requirements of the field program but rather by the needs of the nearest National Weather Service Office (into which the data line is tapped). Once received, these analog images can be printed, but they cannot be further processed unless they are digitized at the remote field site. However, this analog-to-digital conversion does not recover the calibration or navigation (earth-location) information present in the digital data originally received from the satellite. Another drawback to the use of analog images is that leased telephone lines and high-quality facsimile machines are costly.
Digital satellite images represent an alternative to the traditional analog images. However, digital satellite-image data have not been extensively used in meteorological field programs for two important reasons: First, the volume (number of bits) in a satellite image requires either prohibitively long transmission times or expensive communications systems. Second, display devices with sufficient resolution were unavailable at reasonable cost.
Using new technology and newly available services from the Space Science and Engineering Center of the University of Wisconsin, an inexpensive, high-quality system that overcame the usual difficulties in using digital satellite data at remote 1 Climate and Meteorology Section, Illinois State Water Survey, Champaign, Illinois. © 1987 American Meteorological Society
Equipment
The technologically new equipment with which the system was constructed consists of a high-speed modem, a powerful personal computer (PC), and a high-resolution display device. The total cost of the equipment used was about $8,600 in late 1985.
A Fastlink modem from Digital Communications Associates was selected for compatibility with newly installed equipment at the University of Wisconsin. This modem has several advantages over more-conventional modems. It is fully error correcting, which eliminates transmission errors. This is crucial for the transmission of digitally compressed satellite data, since a single incorrect character results in the loss of an entire scan line of the image. Another significant advantage of this modem is its ability to use ordinary, voice quality, dial-up telephone connections for high-speed data transmission. The modem automatically adjusts its operation to take full advantage of the characteristics of the telephone connection. Speeds up to 10 000 baud are possible.
The high-speed modem was installed in an IBM PC/AT modified to run at a clock speed of 9 MHz. This computer was equipped with 512 kilobytes of random-access memory and a 20-megabyte hard disk. A math coprocessor board from Micro Way Inc. was installed to accelerate floating-point calculations. These enhancements were made to reduce the time required to process and display the satellite images.
The personal computer was equipped with two monitors, a monochrome monitor for system use, and an IBM Professional Graphics Adaptor and display (PGA). The PGA system has a resolution of 640 by 480 pixels and can display simultaneously 256 "colors" out of a palette of 4 096 possible "colors." This implies that sixteen of the colors can be shades of gray. Eight, individually accessible bit planes are available for data storage. They can be configured to store 6-bit satellite pixels plus two independent, nondestructive graphics overlays. One overlay was used for maps; the second was used for labels and a cursor. The actual screen image is brighter with a greater contrast range than can be shown in the photograph. The photograph was taken of the cloud images rendered using an enhanced-contrast grey scale. The state outlines were displayed red and the lettering was green. Each pixel in the 640 by 480 image represents about 16 square km of surface area.
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The PGA employs a color-look-up table to assign a color to a data value. This permits the instant enhancement of images.
System capabilities
GOES satellite data are ingested in real time by the Mcldas computer system at the University of Wisconsin. For a small fee, users can request that a sector of an image be extracted, compressed, and placed in a file-server system for access by dial-up telephone lines. The size, resolution, and timing of these sectors (known as products) are selected in advance by the user. Users typically select a "screen full" of data (640 by 480 pixels in our case). The user can select any spatial resolution up to and including the satellite's highest resolution of approximately 1 km. The products are normally available every 30 minutes. Each product becomes available shortly after the satellite scans the southernmost portion of the requested sector.
The use of our system to display a satellite image begins with downloading a product from the University of Wisconsin over a standard telephone line using the Fastlink modem. Although the modem is supplied with communications software, it proved to be unsuitable in this application. This necessitated the development of a custom communications program. The next step in displaying an image is the decoding of the compressed data. Although the error-correcting modems virtually eliminate errors, care is taken to minimize image degradation resulting from undecodable data by taking advantage of auxiliary information, such as line numbers, supplied in the compressed images.
The decoded image can be displayed in one of two ways. Data at any resolution can be displayed from the satellite perspective. Image lines are displayed directly on the screen, and the navigation data is used to automatically draw a map overlay. Data at 1-km resolution can also be remapped into an azimuthalequidistant map projection. Approximately seven minutes are necessary to acquire and display GOES images in either of these formats.
As the image is being displayed, a histogram of the pixels is constructed. At the completion of the display process, the histogram may be used to enhance the image. Four enhancements, which may be chosen by single keystrokes, are provided. One enhancement expands the contrast of the raw data to span all of the available gray shades. This enhancement improves appearance and detail in the image. The remaining three enhancements are provided to best match film characteristics to screen brightness for photographs.
A separate program is used to locate a marker at a selected range and azimuth from a reference point in a remapped image. Conversely, the range and azimuth of a point in the image can be determined by positioning a cursor. This program is also used to compensate for errors in the supplied GOES navigation data.
Operational use
The described system was used daily in PACE during July and August 1986. Typically, 4-km resolution visible images at 0730 and 0930 CDT were used by the forecaster to prepare a morning weather briefing. During the afternoon these images, which were generated every two hours, were used to assess the synoptic situation. Figure 1 is a black-and-white-screen photograph that shows a squall line, which developed in central Illinois on 25 July. (In the actual screen image, the map overlay is red and is clearly visible in cloudy regions.)
During the afternoon and early evening operational period, 1-km-resolution visible images were received and remapped each half hour. Figure 2 is an example of these images. (Note that the small clouds are readily apparent in this high-resolution image.) These images were routinely used to decide when to launch the aircraft and to direct them to locations of cloud development. In addition, these images significantly enhanced the utility of radar data by showing the cloud field in which the echoes were occurring. The satellite images were also helpful in detecting second-trip radar echoes. Finally, the reliability of the system was unexpectedly high. Images were available for reception from the University of Wisconsin and for display on our system for more than 95 percent of the JulyAugust period. The few times when images were unavailable were caused by air-conditioning problems at the University of Wisconsin or lightning-caused power outages at the field site.
Conclusions
An inexpensive, reliable method of obtaining and displaying high-quality visible GOES satellite images at remote sites has been developed. The system appears especially well suited for use in meteorological field programs. The system is currently being generalized for application at any location "visible" to the GOES satellite. Options are being added to display colorcoded infrared data. and Engineering Center of the University of Wisconsin were helpful in the interfacing of our data acquisition and display system with their data-distribution system. The authors appreciate the encouragement of Stanley Changnon during the course of this work. The development of display system for use in Illinois was supported by the National Oceanic and Atmospheric Administration under Contract NA85RAH05060 and NA86RAH06051.
• announcements (continued from page 1250) physical sciences, or other majors that provide extensive undergraduate backgrounds in physics and mathematics. Regular half-time stipends are $750.00 per month, and fellowships of up to $1200.00 per month are available for a few especially well-qualified applicants. Out-of-state tuition waivers and other tuition assistance are provided. Early application is recommended to be considered for all available fellowships and assistantships. Fellowship awards are made in February and March for the following fall term, and assistantship offers are usually made by mid-April. For more information and application materials, please write to the Director of Graduate Studies, Department of Meteorology, Florida State University, Tallahassee, FL 32306-3034.
"Grants for Research and Education in Science and Engineering" Available from NSF
The publication, "Grants for Research and Education in Science and Engineering" (NSF 83-57), is available from the National Science Foundation (NSF). The brochure contains sections on guidelines for the preparation of proposals; proposal processing and evaluation; information on declinations, returns, and withdrawals; special programs; the award and continued grant support; and grant administration. For more information or to obtain a copy, write to the National Science Foundation, Forms and Publications Unit, Washington, DC 20550.
NCAR Research Aviation Facility Advisory Panel Meeting
The Advisory Panel for the Research Aviation Facility (RAF) of the National Center for Atmospheric Research (NCAR) will meet in Boulder, Colorado in April 1988 to consider requests and make recommendations for flight-hour support. The deliberations in the April 1988 meeting will concentrate on programs scheduled during the period of October 1988 through March 1989. Requests for long-range Electra aircraft will be considered for the period of October 1988 through October 1989 to allow sufficient time to organize joint use of the aircraft among several investigators, thereby making each flight hour as economical as possible. The RAF Advisory Panel is composed of atmospheric scientists from universities, government agencies, and NCAR. It ordinarily meets twice each year, in April and October, to consider the scheduling of NCAR aircraft. Requests for NCAR flight support for programs within the context of National Science Foundation (NSF) grants should include three copies of the NSF proposal. Those proposals for research grants involving RAF aircraft should be submitted to NSF for review no later than mid-December 1987 (four months prior to the Advisory Panel Meeting). Internal NCAR flight requests and proposals that are not part of the NSF program should submit sufficient information and justification commensurate with that which would be submitted to NSF, in order that a meaningful comparison with NSF-supported programs can be made.
The NCAR RAF operates three aircraft, a Beechcraft King Air, North American Sabreliner, and Lockheed Electra, in support of field projects in the areas of air chemistry, cloud physics, air motion (including mass flow and turbulent flux measurements), radiation, physical oceanography, air-sea interaction, and other programs within the atmospheric sciences. The Super King Air twin turboprop aircraft is pressurized, has an operating ceiling approximately 10 000 meters above sea level, and is approved for both Visual and Instrument Flight Rules and for flight into known light-icing conditions. The NCAR Sabreliner is a low-wing, twin jet aircraft pressurized for high-altitude flight. The NCAR Sabreliner is not equipped with a pneumatic deicer boot system and is restricted from operation in known icing conditions. The normal operating ceiling is approximately 14 000 meters above sea level.
The Electra is a large, low-wing, long-range, four-engine turboprop aircraft. The Electra can operate in known icing conditions; however, external instrumentation installations may limit such operations. The operating ceiling of the NCAR Electra is approximately 8 000 meters above sea level.
The RAF aircraft are all equipped to measure various parameters including temperature, pressure, dew point, winds, etc. Also, a large variety of equipment can be specified by users for a particular project, including cloud and hydrometeor particle spectrometers, aerosol spectrometers, shortwave and longwave optical radiometers, and remote radiometric surface-temperature instrumentation. The RAF assumes responsibility for installing and maintaining this requested instrumentation. In addition, considerable freedom is permitted in mounting user-supplied instrumentation on RAF's NSFowned aircraft, and the RAF will assist in the installation of all user-supplied instrumentation to ensure compatibility with existing RAF instrumentation systems and to ensure aircraft safety for normal flight operations and for crash-load specifications.
announcements (continued on page 1256)
